INTRODUCTION
The determination of ammonia in tobacco is usually carried out by first volatilizing the ammonia from a mildly alkaline suspension of the finely ground tobacco or tobacco extract followed by measurement of the ammonia by acidimetry or colorimetry. Although automated techniques have been utilized for the colorimetric determination of ammonia after manual separation from tobacco (1., 6) , apparently no automated procedures have been described which have been evaluated for the direct analysis of tobacco extracts. Inasmuch ~s a rapid method was desired for the ro~tine deter-> mination of ammonia in tobacco, an investigation was undertaken in an attempt to develop a completely automated procedure which would accurately measure the ammonia in extracts of tobacco. The reaction of ammonia with phenol and hypochlorite to form a blue-colored, indophenol type compound has been utilized in many automated procedures for ammonia. Initial experiments indicated that the procedure is subject to interference by various tobacco components including amino acids and nicotine, so separation of the ammonia through automated dialysis utilizing standard and Type C membranes was examined but found inadequate. A special automated distillation unit was then assembled and evaluated for its ability to adequately separate ammonia from interferences prior to colorimetry using the phenate-hypochlorite reaction. This automated distillation and colorimetric system employs a Technicon AutoAnalyzer and, as described in the following sections, was found to be directly applicable to aqueous tobacco extracts to provide a reasonably accurate determination of ammonia in tobacco.
METHODS AND MATERIALS

Apparatus
The Technicon AutoAnalyzer used in this study consisted of the special distillation unit in addition to standard modules including a Sampler II with a 30 per
• Received for publication: 22nd November, 1971. hour, 2:1. cam, a Pump I, a 95° C heating bath and a colorimeter-recorder unit equipped with a 1.5 mm tubular flow cell and 650 nm filters. The distillation unit is illustrated in Figure 1 . and is composed of a heating tube, reflux column and several AutoAnalyzer fittings interconnected with Acidflex tubing. The heating tube is fabricated from a 44 cm length of 4 mm o. d. standard wall borosilicate tubing bent sharply into a 1.9 cm long U-tube and is inserted into the heating bath through the port normally used for the thermometer. The glass reflux column is 1. cm in diameter and 1.0 cm in length with pointed indentations, and is partially jacketed by another glass tube. Nitrogen is introduced from a regulator equipped cylinder into the unit at the rate of 200 ml per minute as measured by a Brooks "Sho-Rate" flowmeter, Tube No. 3-1.5-4, through a pulse suppressor consisting of a 2-inch length of o.o1.o inch i. d. tubing. The complete manifold as used for samples containing o to 0.2 °/o ammonia is shown in Figure 2 . Most samples of flue-cured and cigarette-filler tobacco will fall in this range but hurley 
Procedure
Extraction: Place 1.ooo g of the ground tobacco sample in a 125 ml Erlenmeyer flask, add 100 ml of water and shake for 30 minutes on a Burrell "Wrist ... Action" shaker. Filter the mixture, using S and S No. 588 folded filter paper, and reserve the filtrate for analysis.
Analysis:
The AutoAnalyzer is operated in the normal manner at a sampling rate of 30 per hour with a 2:1 sample to wash ratio. Sufficient time should be allowed for the system to become stable with the reagents being pumped and the nitrogen flow adjusted to 200 ml per minute before sampling is begun. Run duplicate cups of each sample extract with standards before and after the samples. At the completion of the run, construct a calibration curve relating ppm of NHs to average peak height with the data obtained from the standards. Read ppm of NHs for each extract and calculate Ofo NHu in the tobacco sample :
Ofo NHs = ppm NHsl(1ooXg of sample).
RESULTS AND DISCUSSION
The. automated system used in this procedure employs a distillation unit which is somewhat similar in concept to that described by Keay and Menage (4). Modifications were made, however, in order to obtain a distillation unit that would give adequate volatilization of ammonia from the tobacco extract with minimum interference from other tobacco components, principally glutamine and nicotine. Glutamine can interfere positively in the distillation of ammonia through hydrolysis to form ammonia especially as the basicity of the solution, temperature and length of heating are increased. Nicotine interferes in the colorimetric phenate-hypochlorite reaction, as reported by Frankenburg (2) . Thus, in this system the tobacco extract, buffered at pH 9, is passed rapidly through a short tube immersed in the 95° C heating bath to minimize both the hydrolysis of amides such as glutamine and the volatilization of nicotine. Nitrogen is used as the carrier gas for the volatilized ammonia because it is readily available from a cylinder in a sufficiently pure form and at a constant pressure which simplifies obtaining a constant flow rate. A suitably regulated compressed air supply with scrubbers to remove ammonia would probably also> be satisfactory. A. constant flow rate of the gas is necessary as the extent of ammonia volatilization is somewhat dependent on flow rate. Following separation of the gas stream from the solution, the ammonia is absorbed in dilute acid and a portion of the stream resampled for colorimetric measurement using the phenate-hypochlorite reaction. This part of the automated system is based on the work of Gehrke et al. (3) with some modification to minimize interference due to nicotine which is not completely eliminated in the distillation .. Typical AutoAnalyzer recordings are shown in Figures 3 and 4· The extent of interference caused by nicotine in this system was investigated by analyzing aqueous solutions containing various concentrations of ammonia and nicotine using the manifold for the range of o to o.2oOio NHs. Nicotine alone gives no response but its presence decreases to some extent the response obtained for a given amount of ammonia. The data presented in Table 1 show the severity of this interference for solutions containing 2 to 20 ppm of ammonia and 100 to 1000 ppm of nicotine which are equivalent to o.o2 to o.2o 0 I o ammonia and 1 to 10 o I o nicotine for a 1• g sample in :Loo ml of water. These data indicate that, on the average, 1 °/o nicotine will cause the result for ammonia to be low by 1 °/o while 5 and :to 0 /o nicotine will cause results to be low by 3·5 and 5.2 °/o, respectively. The possible interference of various amino acids was studied by determining if they would affect the recovery of ammonia or decompose to form ammonia during the distillation. Aqueous solutions containing only the individual amino acid at a concentration of 0.005 M, corresponding to 500 f.tmoles per gram of sample, were analyzed using the manifold designed for the range of o to o.2o 0 /o ammonia. The amino acids tested were alanine, 4-aminobutyric acid, asparagine, aspartic acid, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine, phenylalanine, proline, serine, and threonine. Of these, only lysine, glycine and glutamine gave any response and, on the basis of one g of sample per :too ml, the responses correspond to o.oo:t, o.oo2 and o.oo:; 0 /o ammonia. These responses may arise from ammonia as an impurity in the samples of amino acids used and, at any rate, are considered negligible. In the case of glutamine, if the ammonia detected originated from hydrolysis of the amide group then 0.4 °/o of the amide nitrogen was hydrolyzed. The effect of the individual amino acids on recovery of ammonia was determined using solutions 0.004 M in the amino acid and containing 2 ppm of added ammonia; the recoveries of added ammonia ranged from 96 to 103 Ofo.
It thus appears that amino acids do not interfere significantly in this procedure. The ability of water to adequately extract ammonia from tobacco was evaluated by comparing the ammonia found in tobacco and in tobacco extracts prepared as described above, using for the analysis the manual procedure of Pucher et al. (5) which could be applied directly to ground tobacco or to tobacco extracts. The ammonia in the distillates was determined by automated ninhydrin colorimetry which had been found applicable for this use by Williams and Hunt (6) . The average results obtained for various tobacco samples are shown in Recovery tests were carried out with three samples of tobacco by adding ammonium sulfate solutions to the tobaccos at the beginning of the extraction. The manifold for the range of o to 0.20 Ofo ammonia was used with the flue-cured sample and the manifold for o to 1.0 °/o ammonia was used with the samples of hurley and cigarette-filler tobaccos. Recovery of added ammonia ranged from 96 to 980fo as shown in Table : ; and is considered satisfactory. 
